Abstract: Five yearling heifers (387 ± 6.5 kg) were utilized in a 5 × 5 Latin square to evaluate the substitution of canola meal (CM) derived from Brassica (B.) napus and B. juncea seed for barley grain on feed intake and nutrient utilization. The control diet (CONTROL) consisted of 88.3% barley grain, 4.4% barley silage, and 7.3% supplement [dry matter (DM) basis]. The four CM treatments included 10% and 20% B. napus or B. juncea meal, with CM replacing barley grain. Dry matter intake was not affected (P > 0.05) by treatment. Total duration and area under rumen pH 5.8, 5.5, and 5.2 increased (P < 0.05) with greater inclusion of CM, regardless of type. Cattle fed 20% CM had elevated rumen ammonia-N concentration and urinary N excretion. Cattle fed B. juncea meal exhibited greater (P < 0.05) apparent nutrient digestibility compared with those fed B. napus meal. In conclusion, meal derived from B. napus or B. juncea can be used to replace barley grain at levels up to 20% (DM) in finishing diets without compromising rumen fermentation or total tract nutrient digestibility. However, animal performance and possible economic benefits need to be balanced against the increasing N excretion resulting from over-feeding protein to cattle.
Introduction
Rapid expansion of the biofuel industry has increased the demand and price of cereal grains. As a result, there is an increasing use of high protein by-product feeds as an energy source for cattle (He et al. 2013) . With the rapid expansion of the canola crushing industry in western Canada, CM may become an economically viable source of protein and energy for cattle. Newer varieties of canola, such as yellow seed B. juncea, can be used to produce CM that is high in protein and low in fiber, which may provide a potentially superior source of digestible energy compared with conventional CM. Increasing popularity and hectarage of this canola variety in the drier regions of western Canada make meal derived from B. juncea a potential substitute for barley in feedlot diets (He et al. 2013; Nair et al. 2015) .
There are few published studies with growing beef cattle fed CM derived from B. juncea. Companion studies to this study (He et al. 2013; Nair et al. 2015) have shown conflicting responses to substituting CM derived from B. napus or B. juncea seed at levels up to 30% of the diet dry matter (DM) in backgrounding and finishing diets. Regardless of CM type, in backgrounding diets, average daily gain (ADG) and dry matter intake (DMI) were increased at levels up to 30% of the diet DM (Nair et al. 2015) , while in finishing diets, feed efficiency was poorer at higher levels of CM supplementation (He et al. 2013; Nair et al. 2015) . These studies highlight the need for further research that focuses on nutrient digestibility and digestible energy content of CM-based diets for growing and finishing cattle, particularly for CM derived from B. juncea.
It is also possible that replacing barley with CM may lead to a reduction in the incidence of SARA, as well as alter rumen fermentation characteristics due to a reduction in dietary starch content. This is evident from the results of Koenig et al. (2004) who substituted 7.2% CM for barley grain and reported a numerical increase in acetate and butyrate and a decrease in propionate in the rumen as compared with control cattle.
There are no published data available on the effect of inclusion of CM derived from B. napus and B. juncea with respect to rumen fermentation and total tract digestibility characteristics in barley-based diets. The objectives of this study were to evaluate the effect of level of inclusion of CM derived from B. juncea and B. napus as a replacement for barley grain in finishing diets for beef heifers on rumen fermentation, total tract digestibility characteristics, and digestible energy content.
Materials and Methods

Animal and housing
Five yearling Hereford × Gelbvieh cross heifers (387 ± 6.5 kg, mean ± SD) were housed at the Livestock Research Building at the University of Saskatchewan in individual indoor pens with a floor space of 9 m 2 . Each pen was equipped with a self-feeder, automatic water bowl, and rubber floor mat. All five heifers were spayed and fitted with soft rubber cannula (10-cm diameter; Bar Diamond, Parma, ID, USA) in the left paralumbar fossa under local anesthesia. Heifers were fed hay for ad libitum intake until the beginning of the trial and were cared for as per the guidelines of Canadian Council on Animal Care (2009).
Experimental design
The experiment was designed as a 5 × 5 Latin square with a 2 × 2 factorial arrangement of CM treatments plus a CONTROL. The trial lasted 160 d with five periods of 32 d each. The first 12 d of each period was used for diet adaptation, with voluntary intake measured from d 13-18. On d 19, rumen fluid was collected every 2 h over 24 h. Days 21-24 were used for measurement of rumen pH using in-dwelling pH probes. From d 24 to the end of each period, cattle were fed at 95% of voluntary intake to assure consumption of all feed (Zenobi et al. 2015) . On d 26, urinary catheters were inserted, and total urine and fecal collections were carried out from d 27 to d 32.
Treatments and dietary composition
Before the start of trial, there was a 14-d, 8-step diet transition with diet changes occurring on alternate days. During this period, heifers were transitioned from an all forage diet to the finishing diet. Final CONTROL diet consisted of 88.9% barley grain, 3.7% barley silage, and 7.4% vitamin-mineral supplement (DM). The four CM diets included substituting barley grain with CM derived from either B. napus or B. juncea at 10% and 20% of total mixed ration (DM basis; Table 2 ). Substitution of 10% B. napus or B. juncea meal was achieved by the first step of dietary transition, whereas for the 20% CM treatment, the final inclusion was achieved by the second step. All five diets were formulated to meet or exceed National Research Council (NRC 2000) requirements for CP, energy, minerals, and fat-soluble vitamins for finishing beef heifers. Monensin sodium was provided to achieve 33 mg kg -1 (DM) in the final diet and was included in the vitamin-mineral pellet. The calcium: phosphorus ratio (Ca:P) was formulated to range from 1.5:1 to 2:1. All feed ingredients were hand mixed and fed in two equal proportions at 0800 and 1600 h throughout the trial period. All heifers were fed ad libitum until d 23 of each period so that 0.5-0.75 kg of orts remained in the bunk the next day. During the voluntary intake period, the bunks were cleaned before the morning feeding, orts weighed, and subsampled for determination of DM content and during the total collection period, subsampled for chemical analysis. All heifers were weighed at the beginning and end of the voluntary intake period (d 13 and d 18) to calculate DMI as percentage of BW.
Barley grain was purchased from commercial sources, stored, and dry rolled (Roskamp Champion, Waterloo, IA, USA) to a processing index of 77.1%. Barley grain samples were taken every 2 wk, DM was determined, and samples were stored for chemical analysis. Barley silage (cv. AC Rosser) was grown and ensiled at the University of Saskatchewan. Silage samples were taken weekly to determine DM content and for making necessary adjustments in the DM content of the complete diet. Both CMs used in the present study were sourced by the Canola Council of Canada from Bunge Canada (Altona, MB, Canada). Brassica juncea meal was sourced from a separate crush from the same plant using only B. juncea seed. Canola meals both used in the present study were solvent extracted. Pelleted supplements for the CONTROL and the treatment diets were sourced from Federated Co-op (Saskatoon, SK, Canada). Samples of both varieties of CMs and pellets were taken every 2 wk, DM was determined, and samples stored for later analysis.
In-dwelling rumen pH measurement
Rumen pH was measured using an in-dwelling rumen pH system (Dascor, Escondido, CA, USA) as described by Penner et al. (2006) . Probes were standardized using buffers (pH 4 and 7). The system measured rumen pH every min for 72 h starting at 0800 on d 21 of each period. After 72 h, the probes were removed from the rumen, washed, and data downloaded. The mV data were converted to pH data using the calculated slope and y-intercept values determined during calibration. The pH data were averaged by min and the mean, and maximum and minimum values were determined for each heifer. The duration (min d -1 ) and area (min d -1 × pH) under pH 5.8, 5.5, and 5.2 were also determined. Following Nocek (1997) and Penner et al. (2007) , the rumen environment was categorized based on pH as mildly acidotic (pH 5.8-5.5), moderately acidotic (pH 5.5-5.2), or severely acidotic (pH < 5.2).
Rumen fluid collection
Rumen fluid was collected from all five heifers at 2-h intervals for 24 h starting at 0800 on d 19 of each period. About 250 mL of rumen fluid from four different regions of the rumen (ventral, anterior, posterior sacs, and rumen mat) was collected and strained through two layers of cheese cloth. Three, 10 mL samples of rumen fluid were collected and frozen at -20°C for volatile fatty acids (VFA) [mixed with 2 mL, 25% (w/v) metaphosphoric acid solution], ammonia [mixed with 2 mL, 1% (v/v) sulfuric acid solution], and the third without any preservative for determination of osmolality.
Rumen fluid volatile fatty acid analysis
Tubes containing rumen fluid for VFA analysis were thawed overnight at 4°C and thoroughly mixed prior to centrifugation at 12 000g for 10 min at 4°C using a Beckman Centrifuge (Model Avanti J-E; Palo Alto, CA, USA). After centrifugation, 1.5 mL of the supernatant was transferred into duplicate microcentrifuge tubes (VWR TM , Radnor, PA, USA) and centrifuged at 16 000g for 10 min at 4°C using a microcentrifuge (Beckman Coulter TM , Brea, CA, USA). Supernatant (1 mL) was transferred into a 2-mL screw top glass vial (Agilent Technologies TM , Santa Clara, CA, USA) and mixed with 0.2 mL of isocaproic acid as an internal standard. Prepared samples were loaded into the autosampler of an Agilent 6890 series gas chromatography system (Agilent Technologies TM , Santa Clara, CA, USA) equipped with an Agilent 7683 series 5-μL injector, Zebron ZB-FFAP high-performance GC capillary column (30 m × 320 μm × 0.25 μm; Phenomenex, Torrance, CA, USA) with flow rate of 35 mL min -1 , and an Agilent split focus liner (Agilent Technologies TM , Santa Clara, CA, USA) with split ratio of 10:1. Column conditions were an initial temperature of 90°C held for 0.1 min before an increase of 10°C min -1 to 170°C. Injector temperature was set at 170°C, whereas detector temperature was 250°C. A mixed standard containing known amounts of acetic, propionic, butyric, isobutyric, valeric, isovaleric, and caproic acids were used to construct a calibration curve for analysis of unknown samples. The concentration of each VFA (mmol L −1 ) was measured by comparing their peak areas with that of the internal standard, isocaporic acid. Samples were prepared daily and kept at 4°C until the initiation of daily run to prevent volatilization.
Rumen ammonia and osmolality
Rumen fluid samples for analysis of ammonia were thawed overnight at 4°C and mixed thoroughly before centrifuging at 14 000g for 10 min at 4°C. The supernatant was used to determine ammonia concentration using the phenol-hypochlorite procedure as outlined by Broderick and Kang (1980) . Nonacidified rumen fluid samples for determination of osmolality were thawed overnight at 4°C, mixed thoroughly and centrifuged at 12 000g and 4°C for 10 min. After centrifugation, supernatant (1.5 mL) was pipetted into a microcentrifuge tube and centrifuged again at 16 000g and 4°C for 10 min. Following this, duplicate 250 μL samples of supernatant were used to measure the osmolality directly using an osmometer (Model 3250, Advanced Instruments Inc., Norwood, MA, USA) based on freezing point depression. Three reference solutions of 100, 290, and 500 mosmol kg -1 (Advanced Instruments Inc., Norwood, MA, USA)
were used at the beginning of each run to calibrate the osmometer.
Total collections of urine and feces
Total collections of urine and feces were carried out for the last five days of each period. All heifers were fitted with bladder catheters (Bardex 75 cc Lubricath ® 2-way Foley Catheter, C.R. Bard Inc., Covington, GA, USA) 12 h prior to the start of collection. Heifers were tethered to the pen but were provided with adequate space to stand, eat, drink, and lie down. Urinary catheters were attached to Nalgene plastic tubes and connected to 20-L Nalgene carboys containing 150 mL of concentrated HCl to prevent volatilization of urinary ammonia. Daily urine output was recorded and mixed, and 10% was subsampled and frozen at -20°C. At the end of each period, the composite urine sample was thawed, mixed, and 500 mL subsampled for each animal and frozen at -20°C for analysis of urinary N. Total fecal collection was carried out by scraping feces off the floor every 2 h from 0600 to 2200 and every 4 h after that. Daily fecal output was recorded and mixed, and 6% of total weight was subsampled into preweighed aluminum trays and frozen at -20°C. At the end of total collection, fecal samples from each period were dried in a forced air oven at 55°C for 120 h and composited per animal per period prior to being stored for later analysis.
Chemical analysis
Samples of barley, mineral-vitamin pellets, B. napus and B. juncea meals, and orts were dried in a forced air oven at 55°C for 48 h, whereas barley silage samples were dried for 72 h. Forage samples, orts, and fecal samples were ground through a 1-mm screen (Christy & Norris 8" Lab mill, Christy Turner Ltd, Chelmsford, UK). Concentrate samples were ground to pass through a 1-mm screen using a Retsch ZM100 grinder (Retsch, Haan, Germany). All silage, concentrate, orts, and fecal samples were sent to Cumberland Valley 
Statistical analysis
The mixed model procedure of SAS (version 9.3; SAS Institute, Inc., Cary, NC, USA) was used to compare the effect of treatment on DMI, rumen fermentation (pH, VFA, osmolality, and NH 3 -N), and apparent total tract nutrient digestibility. As the experiment was designed as a 2 × 2 factorial plus a CONTROL, two models were run. First, all diets (diet) were compared against each other in a Latin square design for DMI, rumen fermentation data including in-dwelling rumen pH measurements, total tract digestibility parameters, and N balance data. Heifer was treated as a random effect and treatment and period as fixed effects. A repeated measures' analysis was conducted for rumen VFA proportion and concentration, ammonia, and osmolality with the fixed effect of time and treatment × time interaction included in the model. Second, CM type (type), level (level), and the type × level interaction were analyzed as a 2 × 2 factorial using data from just the CM treatments. Denominator degrees of freedom were determined using the Kenward-Roger option. Normality was tested using univariate procedure of SAS software with the Shapiro-Wilk test. The covariance structure with the lowest AIC and BIC values was selected (Littell et al. 1996 ). Significant differences and trends were declared at P ≤ 0.05 and P ≤ 0.10, respectively.
Results and Discussion
Chemical and nutrient profiles of the two canola meals and total mixed diets The chemical composition of the two CM varieties and the other feed ingredients is presented in Table 1 along with other feed ingredients used in this study. Each variety was derived from a single oil extraction from B. napus or B. juncea seed. As such, it was not possible to statistically analyze the chemical differences between the two meals. However, similar to our companion study (Nair et al. 2015) , it was evident that B. napus meal had lower CP (17% less), and higher EE (32% greater), ADF (40.5% greater), and NDF (31.8% greater) than B. juncea meal (Table 1) . Calcium and P levels were similar across the two meal types. The chemical composition of B. napus and B. juncea meals in the current study is in agreement with previously reported values for CM (Bell 1993; Newkirk et al. 1997; Montoya and Leterme 2009; He et al. 2013) .
Ingredient makeup and nutrient composition of the experimental diets are presented in Table 2 . Diets differed (P < 0.05) in CP, EE, ADF, NDF, Ca, and P content. Substitution of CM, regardless of type, increased (P < 0.05) dietary CP concentration relative to CONTROL and at each level of CM inclusion. As well, the diets supplemented with B. juncea meal had greater CP and reduced EE (P < 0.05) as compared with B. napus meal. The contents of ADF, Ca, and P in the diets increased (P < 0.05) relative to the CONTROL with greater inclusion of CM, regardless of type. Diets supplemented with B. juncea meal had reduced (P < 0.05) ADF and NDF contents as compared with those supplemented with B. napus meal, while the 20% CM treatments had higher ADF than the 10% treatments. Diets supplemented with B. juncea meal were similar (P > 0.05) in NDF content to the CONTROL diet but were reduced (P < 0.05) relative to those supplemented with B. napus meal. Contains wheat bran, wheat shorts, wheat middlings, number 1 and 2 feed screenings, barley grain and refuse screenings with guaranteed minimum analysis of 15% crude protein and 3% crude fat and maximum 12.5% crude fiber.
f Mineral-vitamin premix containing 4.2% NaCl, 2.5% postpelleting limestone, 1.5% canola oil; provided 7.6% Ca, 0.3% P, 1.6% Na, 0.6% Mg, 0.5% K, 0.15% S, 4.8 mg Co, 16.6 mg I, 86.7 mg Fe, 498 mg Mn, 1.35 mg Se, 543.6 mg Zn, and 420 mg monensin (as monensin sodium) per kg and 30 000 IU vitamin A, 5 000 IU vitamin D3, and 500 IU vitamin E per kg supplement.
Rumen pH
There were no diet, CM type, or CM type × level interaction (P > 0.05) detected for any of the measured rumen pH parameters (Table 3) . However, the pH duration (min d -1 ) and area (pH × min) under all pH thresholds (5.8-5.5, 5.5-5.2, and <5.2) increased (P < 0.05) for cattle fed 20% CM, regardless of type as compared with cattle fed 10% CM. These results indicate that increasing CM inclusion may increase risk for pH conditions associated with acute acidosis. The fact that rumen pH is reduced when CM is substituted for barley grain is surprising as feeding high grain diets, and the resulting rapid fermentation of dietary carbohydrates is known to result in production of organic acids in the rumen which readily dissociate to reduce pH (Allen 1997; Nagaraja and Titgemeyer 2007; Aschenbach et al. 2011) . Hence, replacing barley with a high protein, high fiber meal reduces the proportion of starch in the diet and should reduce the rate of fermentation and acid production (Beauchemin and Penner 2009 ). Starch content of barley ranges from 51% to 64% (Holtekjolen et al. 2006) , of which 80%-90% is digested in the rumen (Khorasani et al. 2000) . Starch content of B. napus meal used for this study was 1.6% and that of B. juncea meal was 2.6% (DM basis; data not shown). Hence, substitution of barley with either CM would be expected to minimize, not increase the rate and extent of rumen pH decline as compared with barley-based diets.
Together with a reduction in dietary starch content, substitution of barley grain with CM could potentially impact rumen pH through rumen fermentation of protein resulting in the release of ammonia. Haaland et al. (1982) reported that higher rumen ammonia concentration results in higher rumen pH and rumen buffering capacity. Canola meal is a relatively good source of ruminally degradable protein (Mustafa et al. 2000; Wright et al. 2005) . However, despite the fact that rumen ammonia levels were higher (P < 0.01) for heifers fed CM diets, relative to the CONTROL diet, there was no benefit with respect to minimizing pH drop when barley grain was replaced with CM. A similar result was reported by Koenig et al. (2004) , where relative to a barley-based control diet, they found a numerical decrease in mean rumen pH and an increase in time that pH was less than 5.8 for a diet supplement with 7.2% (DM basis) CM. Failure to see an improvement in rumen pH or the ability to minimize pH decline has also been reported when high protein by-product feeds such as corn-or wheat-DDGS have replaced barley grain in barley-based finishing diets (Beliveau and McKinnon 2009; Li et al. 2011; Walter et al. 2012 ). Beliveau and McKinnon (2009) concluded that low physically effective NDF (peNDF) content of DDGS could be the reason for the inability to mitigate low rumen pH even when barley was replaced by a low starch-high protein supplement. An increase in the peNDF content of the diet increases the chewing time and salivation, stimulates rumen contractions and outflow, and absorption of VFA, all contributing to an improvement in buffering capacity of the rumen Tukey's test was performed for multiple comparison among diets when P < 0.05 on effect of diet (D). (Owens et al. 1998; Beauchemin et al. 2003) . Even though particle size of barley or CM used for this trial was not measured, a review of literature indicates that only 14% of dry-rolled barley passed through 1.18-mm sieve (Yang et al. 2013) , whereas 74% of CM passed through a sieve of similar pore size (Safari et al. 2011) . It is thus possible that the reduction in particle size of the TMR supplemented with CM negatively influenced chewing and salivation, limiting rumen buffering capacity and resulting in a reduction in pH, particularly at high inclusion levels.
Rumen fermentation
The effects of replacing barley with 10% and 20% B. napus and B. juncea meals on rumen fermentation parameters are presented in Table 4 . There was no treatment effect observed for the concentrations of acetate (50.97 ± 0.39 mmol L -1 ), propionate (39.6 ± 0.75 mmol L -1 ), butyrate (10.9 ± 0.38 mmol L -1 ), valerate (2.29 ± 0.07 mmol L -1 ), isovalerate (1.67 ± 0.09 mmol L -1 ), total VFA (106.9 ± 1.30 mmol L -1 ), the A:P ratio (1.38 ± 0.03), or rumen fluid osmolality (361.3 ± 3.3 mosmol L -1 ). However, the 20% CM treatments had higher (P < 0.01) isobutyrate (0.77 ± 0.02 vs. 0.64 ± 0.01 mmol L -1 ) than the 10% treatments (Table 4) . Cattle fed 20% B. napus had greater (P < 0.05) rumen isobutyrate (0.81 ± 0.03 mmol L -1 ) than CONTROL cattle (0.60 ± 0.02 mmol L -1 ). Similarly, though nonsignificant (P > 0.05), isovalerate concentration was numerically greater for the 20% treatments relative to the 10% treatments (Table 4) . Branched chain volatile fatty acids (BCVFA) such as isobutyrate and isovalerate are produced when true protein is deaminated and fermented, as well as and by microbial protein decomposition (Miura et al. 1980; Yang 2002) . This observation partially explains the fact that the rumen pH was not improved by substituting barley grain with CM as the VFA produced by the rumen degradation of CM potentially contributed to the ruminal pH concentrations as with the CONTROL diet. Rumen osmolality was not influenced by treatment. As VFA concentration contributes significantly to osmolality (Carter and Grovum 1990b) but did not differ across treatments, the lack of an effect on osmolality is not unexpected. Ruminal osmolality levels observed in this study fall within the expected range for cattle fed high grain diets (Mackie and Therion 1984) . No treatment × time interaction was observed (P > 0.05) for any of the measured rumen fermentation parameters. However, there was a time effect (P < 0.05) for all fermentation parameters except isovalerate (P > 0.05; data not shown) with each exhibiting a diurnal pattern in relation to feeding times. This time effect on rumen fermentation is well documented (Carter and Grovum 1990a; Nagaraja and Titgemeyer 2007; Aschenbach et al. 2011 ). Tukey's test was performed for multiple comparison among diets when P < 0.05 on effect of diet (D).
e P-value for time was significant (P < 0.05) for all tested variables except isovalerate (P > 0.05); P-value for treatment × time was not significantly different for any variable.
f A:P ratio, acetate (A, mmol) : propionate (P, mmol) ratio.
There was no CM type or CM type × level interaction (P > 0.05) for rumen NH 3 -N concentration (Table 4) . Rumen NH 3 -N concentration did not differ (8.74 ± 0.31 mg dL -1 ; P > 0.05) among heifers fed the two CM types; however, heifers fed 20% CM had higher (P < 0.05) rumen NH 3 -N levels (11.32 ± 0.42 vs. 6.16 ± 0.35 mmol L -1 ) than those fed 10% CM. Similarly, rumen NH 3 -N concentration of heifers fed 20% CM (11.35 ± 0.57 mg dL -1 ) was higher (P < 0.01) than that of the CONTROL (3.5 ± 0.43 mg dL -1 ) heifers. As stated earlier, CM is a relatively degradable protein source, and the combination of a higher CP content and high rumen degradability was likely the driving factor for the increased rumen NH 3 -N concentration with inclusion of CM. In agreement, other researchers have reported that using high protein, by-products (i.e., DDGS) as a replacement for barley increase rumen NH 3 -N concentration with increased dietary inclusion (Beliveau and McKinnon 2009; Walter et al. 2012 ).
Voluntary intake and digestibility
Intake and digestibility estimates of diets in the current study are presented in Table 5 . There was no CM type × level interaction (P > 0.05) detected for any of the estimated nutrient apparent digestibility parameters. Likewise, there was no treatment effect on voluntary DMI (10.3 ± 0.39 kg d -1 ) or when reported as a percentage of BW (1.9% ± 0.08%) and digestible energy intake (31.2 ± 0.85 Mcal d -1 , P > 0.05). Apparent digestibility of EE was similar (P > 0.05) between the 10% CM and the CONTROL diet but lower (P = 0.05) with 20% CM. Diets supplemented with B. juncea meal had greater (P < 0.05) digestibility of DM (79.7% ± 0.37% vs. 78.4% ± 0.40%), OM (82.0% ± 0.37% vs. 80.7% ± 0.37%), CP (80.6% ± 0.67% vs. 78.5% ± 0.74%), NDF (46.5% ± 0.92% vs. 44.2% ± 0.82%), ADF (40.7% ± 1.38% vs. 35.4% ± 1.17%), gross energy (79.9% ± 0.41% vs. 78.4% ± 0.43%), and digestible energy density (3.30 ± 0.03 vs. 3.25 ± 0.03 Mcal kg -1 ) than those supplemented with B. napus meal. These results are in agreement with the chemical analysis of the two meals; meal derived from B. juncea was lower in ADF and NDF and higher in CP than meal derived from B. napus (Nair et al. 2015) . Supporting these findings, Theodoridou and Yu (2013) reported that B. juncea meal had higher in vitro intestinal digestibility of rumen undegradable protein (90% vs. 75%) and total metabolizable protein (287 vs. 193 g kg -1 DM) than B. napus meal. Relative to 10% CM, the 20% CM treatments had higher (P < 0.05) digestibility of CP (80.4% ± 0.68% vs. 78.6% ± 0.76%), NDF (47.1% ± 0.79% vs. 43.7% ± 0.76%), ADF (40.2% ± 1.43% vs. 35.9% ± 1.31%), gross energy (79.5% ± 0.47% vs. 78.8% ± 0.49%), and digestible energy (DE; 3.30 ± 0.03 vs. 3.20 ± 0.03 Mcal kg -1 ) regardless of meal type. Petit and Veira (1994) also reported an increase in DM digestibility in steers fed silage, supplemented with CM at 15 vs. 7.5% of diet DM. The OM digestibility of 10% CM diets Tukey's test was performed for multiple comparison among diets when P < 0.05 on effect of diet (D).
(81.1% vs. 76.3%) was slightly higher than values reported by Gozho et al. (2009) who fed beef heifers with a barleybased finishing diet supplemented with 8.8% CM. Zinn (1993) reported total tract OM and CP digestibilities of 78.6% and 79%, respectively, in cattle fed a barley-based finishing diet containing 20% CM. Both values are comparable with the values of the present study.
Similar improvements for total tract CP digestibility have been observed when other high protein feeds have been substituted for barley grain in finishing diets fed to beef cattle (Li et al. 2011; Walter et al. 2012) . Increased total tract CP digestibility associated with CM diets can be attributed to the high rumen degradable protein (RDP) content and high protein digestibility of the meal (Bell 1993; Theodoridou and Yu 2013) . The NDF digestibility of the CM diets in the present study was similar to that reported by Koenig et al. (2004) who reported an NDF digestibility of 42.7% in heifers fed a finishing diet supplemented with 7.2% CM. Zinn (1993) reported an ADF digestibility of 39% in cattle fed a finishing diet supplemented with CM, which was comparable with values of the present study. Griswold et al. (1996) reported an increase in ADF digestibility associated with an increase in RDP of the diet. The increased ADF and NDF digestion in heifers supplemented with CM in this study may be the result of enhanced rumen fermentation by the supply of RDP which may have stimulated the growth of cellulolytic bacteria.
Digestible energy content of the diets supplemented with B. juncea meal was greater (P < 0.01) than diets supplemented with B. napus meal and greater for diets with 20% CM relative to 10% CM. As well, CM supplemented diets were similar in DE content to those of the CONTROL diet with the exception of a greater (P < 0.05) value for 20% B. juncea. This finding indicates that diets supplemented with either CM at the current inclusion levels provided essentially the same digestible energy to heifers as did the CONTROL diet. Because the composition of the CONTROL and the CM supplemented diets was quite different, it is evident that the loss in energy content from starch when CM was substituted for barley was compensated for by the increased concentrations of digestible protein, fiber, and EE in CM (Table 5) . These results agree with those of He et al. (2013) who reported that over the entire feeding period, substituting 15% or 30% CM from either B. napus or B. juncea did not influence ADG or DMI, although gain:feed (G:F) ratio was negatively influenced by CM-based diets, particularly at the higher inclusion level. Similarly, Nair et al. (2015) did not find any significant effect of CM type or inclusion level on ADG or gain: feed other than poorer feed efficiency at the highest level of inclusion of B. napus meal over a 207-d study.
The RDP content in CM (Kendall et al. 1991; McAllister et al. 1993; Theodoridou and Yu 2013) increases the availability of peptides, amino acids, and ammonia in the rumen. As growth of cellulolytic bacteria is enhanced by increased availability of these N sources, it is speculated that the increased N availability may have improved digestibility for the B. juncea supplemented diets. At the same time, excess dietary amino acids could contribute to the microbial energy supply as the carbon skeleton of branched chain amino acids could be utilized for the production of BCVFA. Absorption, transamination, and systemic oxidative metabolism of excess dietary and microbial amino acids via the tricarboxylic acid cycle also could positively contribute to the energy to the heifers (Van Duinkerken et al. 2005 ).
Nitrogen balance
There was no CM type × level interaction (P > 0.05) detected for any of the N balance parameters measured (Table 6 ). Urine output was greater (P < 0.05) in 20% CM than in 10% CM supplemented diets. Urinary N increased numerically with greater inclusion of CM. Bannink et al. (1999) reported that urinary N excretion along with K and Na excretion is determinants of urine output which may help explain the greater urine output as affected by CM inclusion level. Total fecal output was lowest for CONTROL cattle although significance (P < 0.05) was only observed when compared with 10% B. napus. Fecal output for diets supplemented with B. napus meal tended to be greater (P = 0.08) than those supplemented with B. juncea meal. In terms of N balance, the CONTROL heifers had a reduced (P < 0.05) N intake relative to the 20% CM fed heifers, with the 10% CM treatment being intermediate. Fecal N excretion which accounted for 24%-30% of total excretion was reduced (P < 0.05) in the CONTROL heifers relative to CM treatments. Urinary N excretion tended (P = 0.08) to follow the same pattern. Satter et al. (2002) reported that in grain-based diets, urinary N accounts for 75% or more of excreted N, an outcome comparable with our results. Fecal N excretion was higher (P < 0.05) in heifers fed B. napus than those fed B. juncea, regardless of inclusion level. Otherwise, there were no type or inclusion level effects of the two varieties on N balance. Apparent N retention was not different (P > 0.05) among diets, ranging from 47.9 for the CONTROL cattle to 79 g d -1 for the 20% B. napus fed cattle. However, these values are higher than would be expected for normal lean tissue deposition (Spanghero and Kowalski 1997; Kohn et al. 2005) . Spiehs and Varel (2009) reported similarly high N retention values ranging from 59.4 to 72.6 g d -1 when corn distillers by-products were fed to beef cattle. As well, Walter et al. (2012) and Zenobi et al. (2015) reported higher than expected N retention values when high protein feeds, such as DDGS or by-productbased pellets, were fed to growing and finishing cattle. The higher than expected N retention could be due to issues with experimental protocol such as N loss during drying of fecal samples or from urine samples. However, in the latter case, an attempt to minimize N loss from urine was taken by daily addition of HCl to urine collection vessels. Other reasons for variation in N retention include gaseous N losses and also formation of nitrogenous compounds like nitrite and nitrate which are not detected by Kjeldahl analysis of urine and fecal samples (Spanghero and Kowalski 1997) . These results highlight the need to consider not only animal performance when feeding elevated levels of byproduct feeds such as CM but also the fate of excess dietary N. The results show that urine was the primary route of N excretion, primarily as urea. It is known that urinary urea can be rapidly hydrolyzed by soil bacteria to ammonia which in turn can be lost to the atmosphere as nitrous oxide, a potent greenhouse gas (Hristov et al. 2011) . Balancing performance benefits with environmental effects will be a primary consideration of producers as they look to utilize protein sources such as CM in the future.
Conclusion
These results indicate that other than elevated rumen ammonia levels at the higher inclusion level, there was no major influence on rumen fermentation parameters including rumen pH from replacing barley grain with CM in finishing diets for beef heifers. The lack of beneficial effects of CM on rumen pH is highlighted by the fact that heifers fed 20% CM-based diets had lower rumen pH than those fed the 10% CM-based diets. Similarly, replacing barley grain with CM did not have noticeable effects on apparent nutrient utilization or on DE content of the total mixed diet. However, there was increased digestibility of DM, OM, CP, NDF, and ADF with inclusion of B. juncea as compared with B. napus meal. Total N intake and excretion increased with greater inclusion of both B. napus and B. juncea meals. Overall, the results of the current study suggest that B. napus and B. juncea meals can be used to replace up to 20% of the barley grain (DM) in finishing diets without compromising rumen fermentation or apparent total tract nutrient utilization. However, as evidenced from the increased urinary N observed with the CM-based diets, animal performance and possible economic benefits need to be balanced against the increased N excretion resulting from over-feeding protein to ruminant animals. Tukey's test was performed for multiple comparison among diets when P < 0.05 on effect of diet (D).
